Cicer L. (Leguminosae: Papilionoideae) consists of 42 species of herbaceous or semi-shrubby annuals and perennials distributed throughout the temperate zones of the Northern Hemisphere. The origin and geographical relationships of the genus are poorly understood. We studied the geographical diversification and phylogenetic relationships of Cicer using DNA sequence data sampled from two plastid regions, trnK / matK and trnS -trnG , and two nuclear regions, the internal transcribed spacer (ITS) and external transcribed spacer (ETS) regions of nuclear ribosomal DNA, from 30 species. The results from the phylogenetic analyses of combined nuclear and chloroplast sequence data revealed four well-supported geographical groups: a Middle Eastern group, a West-Central Asian group, an AegeanMediterranean group, and an African group. Age estimates for Cicer based on methods that do not assume a molecular clock (for example, penalized likelihood) demonstrate that the genus has a Mediterranean origin with considerable diversification in the Miocene/Pliocene epochs. Geological events, such as mountain orogenesis and environmental changes, are major factors for the dispersal of Cicer species. The early divergence of African species and their geographically distinct region in the genus suggest a broader distribution pattern of the genus in the past than at present.
INTRODUCTION
A knowledge of molecular biogeography aids in the reconstruction of the phylogeny of taxa with a similar geographical distribution in relation to the geological and palaeoclimatic history of the distributional area (Cracraft, 1986; Avise, 2000) .
Cicer L. is an important genus in the legume subfamily Papilionoideae (Polhill, 1981) because of the economic value of C. arietinum as a food crop (Van der Maesen, 1972) . It comprises approximately 42 species of herbaceous or semi-shrubby annuals and perennials in the temperate zones of the Northern Hemisphere. The genus displays its greatest diversity in West and Central Asia with an extension to the Mediterranean region (the Middle East, East Europe, and an isolated area in North Africa), but its origin and geographical relationships are poorly understood. On the basis of morphological traits and geographical distribution, the genus has been traditionally classified into four sections: Cicer ( = Monocicer ), Chamaecicer , Polycicer , and Acanthocicer (Popov, 1929; Van der Maesen, 1987) . Members of three sections, Cicer , Chamaecicer , and Polycicer , are found in the Mediterranean region, whereas all species of section Acanthocicer are mainly distributed in Persia (Iran), Afghanistan, and Central Asia where most members of section Cicer are absent (Popov, 1929; Van der Maesen, 1972 , 1987 .
In the genus Cicer , most annual species are concentrated at low altitudes of the Mediterranean Basin of the Middle East, whereas all herbaceous perennials (i.e. C. montbretii , C. graecum , and C. isauricum ) in the genus are distributed in relatively humid montane areas in this region. In North Africa and the Canary Islands, only two species, C. canariense and C. cuneatum , which have a climbing habit, are found in relatively humid habitats. The semi-shrubby perennials or species with spiny rachises and leaflets (i.e. C. subaphyllum , C. tragacanthoides , and C. pungens ) are primarily distributed in high altitudes, dry valleys, or mountainous regions of Iran, Afghanistan, and Central Asia ( Van der Maesen, 1972 , 1987 . These patterns raise questions about the geographical relationships between the species and when they acquired their different habits, answers to which will allow us to understand the diversification history of this genus. Nevertheless, there is little empirical evidence regarding the biogeographical patterns and timing of diversification in Cicer . Although intensive molecular studies on the genus Cicer have recently been conducted (Kazan & Muehlbauer, 1991; Ahmad, Gaur & Slinkard, 1992; Tayyar & Waines, 1996; Ahmad, 1999; Iruela et al ., 2002; Sudupak, Akkaya & Kence, 2002 , 2004 Rajesh et al ., 2003; Javadi & Yamaguchi, 2004b; Sethy et al ., 2006) , much of the attention has been focused on annuals in the Middle East and a few species from West to Central Asia, making it difficult to evaluate the geographical relationships between the species. In two recent molecular systematic studies based on chloroplast DNA (cpDNA) trnT-F (Javadi & Yamaguchi, 2004a) and nuclear ribosomal DNA (nrDNA) internal transcribed spacer (ITS) (Frediani & Caputo, 2005) , weak bootstrap support and low resolution were found amongst species primarily from Europe and West to Central Asia. This suggests that greater taxon sampling of species from different geographical regions and additional molecular characters are necessary to obtain more robust results on the evolutionary relationships in the genus.
Reliance on traditional morphological traits for the establishment of relationships in Cicer has proven to be problematic, because these traits have been shown to be homoplasious (Javadi & Yamaguchi, 2004a ). The present study uses both coding and noncoding nuclear ribosomal [external transcribed spacer (ETS) and ITS] and chloroplast ( trnK / matK and trnS-trnG ) sequences to understand the phylogenetic relationships and geographical diversification of the genus. By choosing 30 species, including all those from Eastern Europe and a larger number of species from Central Asia, and more molecular characters, we identified molecular geographical groups in Cicer , especially amongst the perennial species, which have been unresolved in previous studies (Javadi & Yamaguchi, 2004a; Frediani & Caputo, 2005) . Diversification times were estimated for these groups using a method that incorporates rate heterogeneity directly into age estimation procedures.
MATERIAL AND METHODS

T AXON SAMPLING
Thirty species representing four sections of Cicer were included in this study (Table 1) . Three species from tribe Vicieae [ Lens ervoides (Brign.) Grande, Pisum sativum L., and Vicia sativa L.] were chosen as out- Steele & Wojciechowski, 2003; Wojciechowski, 2003) , we selected outgroups that were in agreement with the previous molecular studies of the genus Cicer (Javadi & Yamaguchi, 2004a; Frediani & Caputo, 2005) . Van der Maesen (1972 , 1987 . Total genomic DNA was extracted from the fresh leaves of plants grown in pots in an Osaka Prefecture University glasshouse or from leaf materials of herbarium specimens using a cetyltrimethyl ammonium bromide (CTAB) protocol with minor modification (Doyle & Doyle, 1987) . PCR amplification and sequencing reactions of the plastid and nuclear regions were performed using the following universal primers. The trnK/matK gene was amplified using primer pairs of trnK685F/trnK2R* and trnK1L/matK1932R, and was sequenced using trnK685F, trnK2R*, matK4La, matK1100L, and trnK1L primers (Hu et al., 2000; Wojciechowski, Lavin & Sanderson, 2004) . ITS4 and ITS5 primers (White et al., 1990) were used for both amplification and sequencing of the nrDNA ITS1-5.8S gene-ITS2 region. The trnS-trnG region was amplified and sequenced using trnS-F and trnG-R primers (Xu et al., 2000) . PCRs were performed in 25-µl reactions containing 12.9 µl of dH 2 O, 2.5 µl of 10× reaction buffer, 2.5 µl of 25 mM MgCl 2 , 2.5 µl of 5 mM dNTPs, 1.25 µl of each 10 µM primer, 0.1 µl Ampl. Taq (5 U µl −1 ), and 1 µl of dimethylsulphoxide (DMSO) (for amplification of trnS-trnG and nrDNA ITS). PCR amplification began with initial denaturation (94 °C, 2 min), followed by 35 cycles of denaturation (94 °C, 1 min), annealing (60 °C, 1 min), and extension (72 °C, 2 min), with a final extension (72 °C, 5 min), in a thermocycler (Gene Amp PCR System 2700, Applied Biosystems). The resulting PCR products were checked on a 2% agarose gel.
Sequences from the ETS of 18-26S nrDNA were obtained following the strategy of Baldwin & Markos (1998) . Nine Cicer species belonging to four sections were chosen for initial long-distance PCR of the intergenic spacer region (IGS) in order to design an internal primer conserved across Cicer. The PCR contained 14 µl of dH 2 O, 1 µl of DMSO, 2.5 µl of 10 × PCR buffer for KOD-Plus-, 1 µl of 25 mM MgSO 4 , 2.5 µl of 2 mM dNTPs, 0.75 µl of 10 µM universal primer pair 18S-IGS/26S-IGS (Baldwin & Markos, 1998) , and 0.5 µl KOD-Plus-(1.0 U µl −1 ) to a total volume of 25 µl. PCR amplification began with initial denaturation at 94 °C (1 min), followed by 35 cycles of denaturation (94 °C, 30 s), annealing, and extension (68 °C, 7 min) (Baldwin & Markos, 1998) . The PCR product was sequenced in the 3′-ETS region using the primer 18S-E (Baldwin & Markos, 1998; Lee, Baldwin & Gottlieb, 2002) . One particular primer (ETS-cic2F) was designed to match a conserved region found in the nine species. Then, ETS-cic2F (GGATTTAATTTGTCATGCT) and 18S-ETS primers (Baldwin & Markos, 1998; Lee et al., 2002) were used to amplify and sequence the 3′-ETS region. PCR amplification and sequencing procedures were performed in the same manner as for the other chloroplast and nuclear regions used in this research.
Purified PCR products (QIAquick Spin PCR Purification Kit, QIAGEN) were sequenced following the manufacturer's instructions. Sequencing was performed with either BigDye Terminator RR Mix (Applied Biosystems) and visualized on a CEQ 2000XL DNA Sequencer (Beckman Coulter), or with an ABI PRISM BigDye Terminator Premix Cycle Sequencing Kit and visualized on an ABI PRISM 377 Automated Sequencer (Applied Biosystems).
ALIGNMENT AND PHYLOGENETIC ANALYSES
Sequences were aligned using DNASIS version 3.0 (Hitachi Software Engineering), and then adjusted manually. Gaps were treated as missing data and, for parsimony analyses of trnK/matK, potentially informative insertions and deletions (indels) were recoded as additional binary characters and added to the data matrix (Swofford & Olsen, 1990) .
Phylogenetic analyses were performed using PAUP* version 4.0b10 (Swofford, 2002) . Maximum parsimony (MP) (Fitch, 1971) and maximum likelihood (ML) analyses were conducted on individual and combined data sets. An initial tree was obtained via RANDOM taxon stepwise addition, and a heuristic tree search was performed using MULTREES, STEEPEST DESCENT off, and ACCTRAN optimizations and treebisection-reconnection (TBR) branch swapping. Searches were replicated 1000 times. Nucleotide characters were equally weighted and unordered. Clade support for MP analyses was assessed using nonparametric bootstrapping (Felsenstein, 1985) implemented in PAUP* 4.0b10 (Swofford, 2002) using 1000 replicates. Bootstrap analyses were used with SIMPLE taxon addition and TBR branch swapping.
ML analyses were conducted on the individual and combined data sets in PAUP*. The Akaike information criterion (AIC) in Modeltest 3.07 (Posada & Crandall, 1998 ) was used to choose the preferred model of sequence evolution for the individual and combined data sets from the 56 models tested by that program. A heuristic ML search with TBR branch swapping was then performed using parameters determined by Modeltest for the selected model of sequence evolution.
Bayesian phylogenetic analyses were conducted on the combined data matrix (except that gaps were not coded) using MrBayes 3.1 (Huelsenbeck & Ronquist, 2002) . Data sets, using the selected model in Modeltest, were subjected to multiple runs of Metropolis coupled with random starting trees as default substitution parameters. Each Bayesian run comprised four chains of default parameters and 2 000 000 generations. Tree parameters were sampled every 100 generations.
An incongruence length difference (ILD) test (Farris et al., 1994) was conducted using PAUP* version 4.0b10 (Swofford, 2002) to determine the congruence between the plastid regions and nrDNA ITS data sets. The test was performed with 100 replicates, using a heuristic search option with RANDOM taxon addition and TBR branch swapping.
ANALYSIS OF DIVERGENCE TIMES
A likelihood ratio test (Felsenstein, 1988) , performed on the single ML tree (combined cpDNA and nrDNA ITS data set), comparing the scores of the ML tree estimated with and without the assumption of a molecular clock, rejected a molecular clock for the data. The penalized likelihood (PL) method (Sanderson, 2002) was then used in the program r8s, version 1.70 (Sanderson, 2003) to estimate the ages of the groups, as described by Lavin, Herendeen & Wojciechowski (2005) using multiple trees with branch lengths estimated by Bayesian analyses (Huelsenbeck et al., 2001; Huelsenbeck & Ronquist, 2002) . One hundred Bayesian trees sampled at the stationary stage were used as input for the r8s analysis in order to estimate the mean and standard deviation of the ages (Lavin et al., 2005) .
A recent study of ages and evolutionary rates of Leguminosae (Lavin et al., 2005) provides estimated ages for many crown and stem clades that can serve as calibration points for legume groups lacking a fossil record. Based on the results of that study, we fixed the age of the root node on our trees at 17.5 Mya and the age of the crown clade of Cicer at a minimum of 14.8 Mya (M. Lavin, pers. comm.) .
RESULTS
SEQUENCE CHARACTERISTICS
The length and composition of each gene region sequenced, as well as the tree statistics from separate and combined analyses of the three regions, are summarized in Table 2 . Nucleotide sequences are deposited in GenBank (accessions AB198872-AB198933; AB257345-AB257404). The chloroplast trnK/matK sequences in Cicer varied in length from 2397 to 2412 base pairs (bp). The total aligned data set consisted of 2444 characters (2442 nucleotide positions and two indels), 203 of which were potentially phylogenetically informative. The trnS-trnG region ranged in length from 572 (C. incisum) to 732 bp. After alignment, the final data set consisted of 786 positions, 133 of which were potentially phylogenetically informative. The mean GC content of trnK/matK (31.6%) was higher than that of trnS-trnG (26.9%) ( Table 2) . As shown in Table 2 , the chloroplast trnK/matK region is much less variable than the other nuclear and chloroplast regions. Of the two nuclear regions, ETS has a greater number of parsimony informative sites than does nrDNA ITS, and a higher percentage of variable sites than the nrDNA ITS region. In addition, different rooting strategies were conducted to understand the effect of different outgroup selection on the tree topology, using Galega orientalis, Parochetus orientalis, Medicago sativa, Pisum sativum, Vicia sativa, and Lens orientalis as outgroups in cpDNA matK and nrDNA ITS regions, and Vicia sativa, Lens ervoides, and Pisum sativum as outgroups based on previous studies on the 'vicioid clade' of Papilionoideae Steele & Wojciechowski, 2003; Wojciechowski, 2003) . In both analyses, ingroup topologies were not affected by outgroup selection, and the alternative outgroups were not nested within the ingroup (trees not shown), providing support for the monophyly of the genus Cicer.
Phylogenetic analyses of the four individual data sets from chloroplast and nuclear regions provided very similar topology. For ILD analysis, two plastid regions and nuclear ITS sequence data were combined, because sequence data from the ETS of the three outgroup taxa of Vicieae were unavailable. As determined by the ILD test, the summed length of the trees generated from the individual data sets (trnK/ matK, trnS-trnG, and ITS) did not differ significantly from the sums of individual data sets partitioned randomly (P = 0.1), indicating that the data sets were congruent. Therefore, we combined the chloroplast and nrDNA ITS regions with a total length of 3850. Parsimony analysis of the combined data sets generated 100 equally parsimonious trees, 1091 steps long [ Fig. 1A ; CI, 0.878 (0.792 excluding uninformative characters); RI, 0.879]. The strict consensus tree derived from the combined data revealed three wellsupported clades (I, II, III) and reflected the strongly supported components of the individual data sets. The significant feature of the consensus tree was that the 30 species of Cicer fell into the four geographical groups in the three major clades (I, II, III). The species C. arietinum, C. reticulatum, C. echinospermum, C. pinnatifidum, C. judaicum, C. bijugum, and C. incisum comprise a monophyletic group, clade III (Middle Eastern group, Fig. 1A ; bootstrap support, 99%), distributed throughout the Middle East, whereas the strongly supported (bootstrap support, 100%) clade I (African group, Fig. 1A ) represents a monophyletic African group comprising C. cuneatum and C. canariense. Clade II consists of two subgroups: West-Central Asian and Aegean-Mediterranean monophyletic groups (Fig. 1A) . C. chorassanicum and C. yamashitae are sister to the West-Central Asian group. There is strong support for C. montbretii, C. floribundum, C. graecum, and C. isauricum as a clade with an Aegean-Mediterranean distribution (bootstrap support, 100%; Fig. 1A ).
In comparison with the tree derived from the analysis of the combined data of the three regions, the phylogenetic tree inferred from the ETS data was relatively similar (Fig. 1B) . C. canariense and C. cuneatum formed a strongly supported clade (bootstrap support, 100%; African group) sister to the rest of Cicer, which formed a strongly supported monophyletic group (bootstrap support, 97%). In this major clade, relationships between the species were not well resolved. However, there was support for two of the three geographical groups: C. arietinum, C. echinospermum, C. reticulatum, C. bijugum, C. judaicum, C. pinnatifidum, and C. incisum grouped together (Middle Eastern group) with moderate support (bootstrap support, 74%; Fig. 1B ), whereas some of the West-Central Asian species formed a weakly supported group (bootstrap support, 53%; Fig. 1B) , and the Aegean-Mediterranean species were monophyletic with moderate support (bootstrap support, 78%; Fig. 1B) .
ML analysis of the three-region combined data set (chloroplast and nrDNA ITS) was conducted employing parameters estimated using Modeltest (Posada & Crandall, 1998) 
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frequencies of A = 0.3117, C = 0.1627, G = 0.1728, and T = 0.3528; a substitution rate matrix of A to C = 1.3325, A to G = 1.2091, A to T = 0.6411, C to G = 1.2525, C to T = 1.4770, and G to T = 1.0000; and a gamma rate distribution at variable sites with the shape parameter α = 0.2839. ML analysis yielded one tree with a score of -ln = 11 628.542. The ML tree had a topology similar to that inferred using parsimony. Like the results from MP, the monophyly of Cicer was supported and three main groups of species with Middle Eastern, West-Central Asian, and African distributions were revealed in the ML analysis (Fig. 2) .
ANALYSIS OF EVOLUTIONARY RATES
A likelihood ratio comparison of the clock and nonclock analyses using a GTR + I + Γ model rejected the hypothesis of a molecular clock [-ln L = (11 665.606 − 11 628.542) = 74.128, d.f. = 31, P < 0.001]. Therefore, a PL analysis assuming nonclock-like sequence evolution was performed. Using a fixed age of 17.5 Mya for the root node and a minimum age of 14.8 Mya for the Cicer crown clade gave an estimated age of 10.85 ± 1.15 Mya for the West-Central Asian group and Middle Eastern group, and diversification of the C. chorassanicum* (Afghanistan, Persia) C. yamashitae* (Afghanistan) C. anatolicum (Persia, Turkey, Iraq, Armenia) C. oxyodon (Persia, Afghanistan, Iraq) C. pungens (Afghanistan, Tadzhikistan) C. microphyllum (Afghanistan, China, India, Pakistan) C. nuristanicum (Afghanistan, India, Pakistan ) C. multijugum (Afghanistan) C. songaricum (Kirgizistan,Tadzhikistan, Kazakhstan, Uzbekistan) C. macracanthum (Afghanistan, India, Pakistan, Tadzhikistan, Uzbekistan) C. flexuosum (Kirgizistan, Tadzhikistan) C. kermanense (Persia) C. tragacanthoides (Persia, Turkmenistan) Together, the four sequence regions used in this analysis provide a robust phylogeny of the genus Cicer. Sequence divergence and potentially informative characters varied considerably between the two cpDNA and two nrDNA regions analysed. Sequences from the nrDNA ETS region showed more than 1.7 times the number of informative sites relative to the nrDNA ITS region amongst species of Cicer (143 vs. 81), and were less homoplasious (ETS: CI, 0.810; ITS: CI, 0.798). Comparison of the chloroplast and nuclear regions showed that the number of phylogenetically informative characters of the nrDNA ETS region was higher than that of the trnK/matK region. However, many clades in the ETS bootstrap consensus tree were weakly supported. The lower CI and RI of the ETS data (0.810 and 0.742) compared with the trnK/matK data (0.825 and 0.824) indicated a higher level of homoplasy; this was consistent with the higher rate at which the variable sites in this region evolved compared with the trnK/matK sequences (1.4 steps per site vs. 1.2 steps per site, respectively; Table 2 ). This pattern has also been observed in other plant genera (Baldwin & Markos, 1998; Bena et al., 1998; Vander Stappen, Marant & Volckaert, 2003) .
SPECIES COMPOSITION AND GEOGRAPHICAL
RELATIONSHIPS BETWEEN TAXA
The phylogenetic trees of Cicer generated in this study were relatively similar to each other and to those presented by Javadi & Yamaguchi (2004a) and Frediani & Caputo (2005) . However, the present phylogenetic trees clearly indicated the geographical distribution patterns of the taxa sampled. The 30 species were divided into four molecular geographical groups: the West-Central Asian group, the AegeanMediterranean group, the Middle Eastern group, and the African group (Fig. 1A, B) .
West-Central Asian group
This largest group included members of the four traditional sections: all five species of section Acanthocicer, most species of section Polycicer, one species of section Cicer (C. yamashitae), and C. chorassanicum from section Chamaecicer (Fig. 1A) . Well-supported subgroups of the West-Central Asian group were recognized in the molecular data, and shared morphological characters. The C. spiroceras-C. subaphyllum-C. stapfianum subgroup (96% bootstrap support; Fig. 1A) , in which the species are endemic to south and south-east parts of Persia and share characters, such as sturdy and spiny leaflets, reduction in stipules, and semi-shrubby habit. These characters are not synapomorphies, but appear to have evolved in parallel in other species of the West-Central Asian group. The C. microphyllum-C. nuristanicum subgroup (92% bootstrap support; Fig. 1A) , in which the species are morphologically very close to each other, but differentiated by the small size of the stipules in C. nuristanicum (Van der Maesen, 1987) . The C. oxyodon-C. anatolicum subgroup (92% bootstrap support; Fig. 1A) , in which the species share characters, such as triangular stipules and a tuberculate seed coat texture (Van der Maesen, 1972; Javadi & Yamaguchi, 2004b) . The two annuals, C. yamashitae and C. chorassanicum, are morphologically quite different from members of the West-Central Asian group, with characters such as prostrate habit, smaller flowers, slender branches, and smaller seed size. However, they share a montane distribution, high altitude, and dry habitat with the West-Central Asian group. This relationship is consistent with the results of previous molecular studies (Kazan & Muehlbauer, 1991; Javadi & Yamaguchi, 2004a; Frediani & Caputo, 2005) . Based on our phylogenetic results, C. yamashitae and C. chorassanicum seem to have been derived early during the diversification of the West-Central Asian group.
Aegean-Mediterranean group
Cicer montbretii, C. floribundum, C. isauricum, and C. graecum form a well-supported monophyletic group (100%) branching at the base of the West-Central Asian group (clade II; Fig. 1A ), which is consistent with their position in the ETS phylogenetic tree (78% bootstrap support; Fig. 1B ). They share morphological features, such as an erect habit, large, oblong-elliptic leaflets, entirely dentate margins of the leaflet (except close to the base), inflorescences with two to five flowers, and an arista with a clavate leaflet at the tip (Van der Maesen, 1972) . These four species are distinct in having a distribution in a relatively warm, humid forest zone at lower altitudes (0-1700 m) in Eastern Europe and Anatolia, and were treated as a series Europaeo-Anatolica (Van der Maesen, 1972) (= Aegean-Mediterranean group; L. J. G. Van der Maesen, pers. comm.) . The phylogenetic relationships between members of this group were unclear in previous studies (Sudupak et al., 2002 (Sudupak et al., , 2004 Frediani & Caputo, 2005) , most probably because of the limited taxon sampling and an insufficient number of characters in the molecular markers used in these studies [random amplification of polymorphic DNA (RAPD), amplified fragment length polymorphism (AFLP), and ITS]. In a previous study, the apparent relationship between C. montbretii and C. flexuosum may have been the result of a misidentification in the source of C. flexuosum (Javadi & Yamaguchi, 2004a) . In this study, our phylogenetic analyses of combined data showed high resolution and bootstrap support for the basally branching position and divergence of the Aegean-Mediterranean group from the West-Central Asian group (100% bootstrap support; Fig. 1A) , and it is suggested that the eastern Mediterranean is an ancestral region of diversification of the West-Central Asian species group.
Middle Eastern group
This monophyletic group includes the domesticated species, C. arietinum, and the wild species C. reticulatum, C. echinospermum, C. bijugum, C. pinnatifidum, C. judaicum, and C. incisum, which are distributed in the Mediterranean region of Middle Eastern countries with extension to mainland Greece and Crete (99% bootstrap support; clade III; Fig. 1A ). All seven of these species are characterized by small, oblong-elliptic leaflets, peduncle without or with a short arista (< 5 mm), and a short length of the filaments (< 8 mm), and they grow at low altitudes (0-1300 m, excluding the sub-Alpine species C. incisum). In our phylogenetic results, the two wellsupported subclades amongst the members of the Middle Eastern group (III-A and III-B; Fig. 1A) were congruent with our ETS results (Fig. 1B) and those of previous studies [RAPD, inter simple sequence repeat (ISSR), Iruela et al., 2002; ISSR, Rajesh et al., 2003; AFLP, Sudupak et al. 2004; cpDNA trnT-F, RAPD, Javadi & Yamaguchi, 2004a, b ; sequence-tagged microsatellite site (STMS), Sethy et al., 2006] . Nevertheless, results from our nrDNA ETS analysis (Fig. 1B) , and those from a previous study (Sethy et al., 2006) , show that C. bijugum is closer to C. pinnatifidum with low bootstrap support. In contrast, results from our combined molecular analyses strongly support C. bijugum as more closely related to C. judaicum than to C. pinnatifidum (92% bootstrap support; Fig. 1A ), which is similar to the results of previous studies (Iruela et al., 2002; Javadi & Yamaguchi, 2004a; Sudupak et al., 2004) . Furthermore, our phylogenetic results from this study confirm a sister group relationship of the perennial species, C. incisum, with three annuals, C. bijugum, C. judaicum, and C. pinnatifidum (Sudupak et al., 2002 (Sudupak et al., , 2004 . In our opinion, C. incisum and the domesticated species, C. arietinum, diverged from a common ancestor, which is in contrast with previous studies which indicate that C. anatolicum is the perennial closest to C. arietinum (Kazan & Muehlbauer, 1991; Choumane et al., 2000) . Such incongruency is likely to be the result of a limited taxon sampling, especially amongst perennial species in the previous studies (Kazan & Muehlbauer, 1991; Choumane et al., 2000) .
African group
The two African species, C. canariense and C. cuneatum, form a highly supported basally branching clade (100% bootstrap support) in our phylogenetic trees (Fig. 1A, B) , which is consistent with previous studies (Iruela et al., 2002; Javadi & Yamaguchi, 2004a; Frediani & Caputo, 2005) . This small African species group is well differentiated, with a number of morphological and molecular synapomorphies, as well as autapomorphic characters. It is assumed that the group might have accumulated autapomorphic characters since divergence from its ancestor.
ESTIMATION OF DIVERSIFICATION TIMES
Age estimates indicate a probable early origin of the genus by the end of the Miocene in the Mediterranean region. This involved a considerable amount of diversification in response to geological events and environmental changes that took place in the Mediterranean and West-Central Asia. According to our minimum age estimate for the Cicer crown clade (14.8 Mya; Lavin et al., 2005) , the earliest diverging members of the genus are the most geographically distinct African species (C. cuneatum and C. canariense); therefore, it can be proposed that African members are ancestral for Eurasian species. An alternative possibility may be that the middle-late Miocene ancestor had a widespread distributional range in the early history of the genus. Then, radiation within the Middle Eastern/ West-Central Asian group started around 10.85 ± 1.15 Mya. Subsequently, the majority of Cicer species have diversified since the late Miocene (8.86 ± 1.43 Mya), most probably in response to several cycles of desiccation and increasing aridity, coupled with the movements of the African and European tectonic plates and mountain building which produced the Alps, Caucasus, and Zagros ranges (Suc, 1984; Blondel & Aronson, 1999; Meulenkamp & Sissingh, 2003 (Fig. 1A) . The apparent preference of annual species of Cicer for arid zones in the Mediterranean stands in contrast with the distribution of perennials in more moist regions. One explanation for this distribution pattern in the Mediterranean region was suggested by Hellwig (2004) for Centaureinae in the Asteraceae family as follows. Arid zones, with their typical sea-sonal changes of favourable and unfavourable moisture and temperature conditions, tend to be inhabited by plant species which survive dry periods as seeds (annuals) or as underground structures (herbaceous perennials) until conditions are again favourable for growth. As a consequence, the individuals of one generation do not compete with previous generations for resources. In contrast, plant groups endemic to stable habitats with relatively regular cyclic changes of growth conditions are dominated by perennial herbs or woody plants. In agreement with Hellwig's hypothesis, we suggest that changes in suitable habitats have led to the origin and diversification of species groups in Cicer.
In summary, the preceding discussion based on current analyses of plastid and nuclear molecular data lead us to the following conclusions: (1) environmental and tectonic changes are major factors in the diversification of Cicer; (2) Cicer may have originated in the Mediterranean region, and the corresponding geological period (Miocene/Pliocene) may have provided favourable conditions for the dispersal of Cicer species; (3) the early divergence of African species and their geographically distinct region in the genus suggest a broader distribution pattern of the genus in the past than at the present; therefore, African Cicer species may provide the major key to understanding the evolution of Cicer, as well as its relationships to closely related genera of the 'vicioid group' in Papilionoideae; (4) the sub-Alpine perennial species, C. incisum, and the domesticated species, C. arietinum, have a common ancestor, suggesting that perennials may play a role in the evolutionary pathway of C. arietinum.
